Background: To evaluate the diagnostic performance of IOTA simple rules in differentiating between benign and malignant ovarian tumors. Materials and Methods: A study of diagnostic performance was conducted on women scheduled for elective surgery due to ovarian masses between March 2007 and March 2012. All patients underwent ultrasound examination for IOTA simple rules within 24 hours of surgery. All examinations were performed by the authors, who had no any clinical information of the patients, to differentiate between benign and malignant adnexal masses using IOTA simple rules. Gold standard diagnosis was based on pathological or operative findings. Results: A total of 398 adnexal masses, in 376 women, were available for analysis. Of them, the IOTA simple rules could be applied in 319 (80.1%) including 212 (66.5%) benign tumors and 107 (33.6%) malignant tumors. The simple rules yielded inconclusive results in 79 (19.9%) masses. In the 319 masses for which the IOTA simple rules could be applied, sensitivity was 82.9% and specificity 95.3%. Conclusions: The IOTA simple rules have high diagnostic performance in differentiating between benign and malignant adnexal masses. Nevertheless, inconclusive results are relatively common.
Introduction
Preoperative discriminating between benign and malignant adnexal masses is essential for decision-making since they need different therapeutic approaches. For example benign adnexal masses like functional ovarian cysts may require only close monitoring or endometrioma may need laparoscopic conservative surgery, whereas ovarian cancers usually need more surgical expertise with well-planned consultation of available oncologists or referral to tertiary center. Several strategies have been proposed to differentiate the two entities, especially using pelvic ultrasound based on either morphological scoring (Sassone et al., 1991; Lerner et al., 1994; Arab et al., 2013; Hafeez et al., 2013; Yavuzcan et al., 2013) , subjective assessement (Tongsong et al., 2007) , spectral Doppler analysis (Tongsong et al., 2009; Guerriero et al., 2011) , or simple rules for general practitioners (Timmerman et al., 2010a; Alcazar et al., 2013) . In 2008 , Timmerman et al. (2008 , as the International Ovarian Tumor Analysis (IOTA) group, proposed simple ultrasound-based rules in predicting ovarian malignancy. The rules are based on the simple demonstration of certain sonographic findings, some of which are indicative of malignancy (M-features) and others of benignity (B-features). More than three-quarter of adnexal masses could be applied for the IOTA simple rules and the diagnostic performance is high, sensitivity of 92% and specificity of 96% (Timmerman et al., 2010b) . The use of the IOTA simple rules has the potential to improve the management of women with adnexal masses. Only a minority of adnexal masses, which the rules yield inconclusive results, need further evaluation by the experienced ultrasound examiners. Nevertheless the IOTA simple rules have never been tested for reproducibility in our population or in other groups of investigators. The objective of this study was to evaluate the diagnostic performance of IOTA simple rules in differentiating between benign and malignant ovarian tumors
Materials and Methods
This study was conducted on female patients admitted to Maharaj Nakorn Chiang Mai Hospital, Chiang Mai University, between April 2007 and March 2012, and scheduled for surgery because of the detection of an adnexal mass either by pelvic examination or previous ultrasonography or both. The study was ethically approved by the institute review board. The women were counseled and invited to participate the study with written informed consent.
Exclusion criteria consisted of 1) known diagnoses of adnexal masses, such ovarian cancers scheduled for second look operation, or endometrioma diagnosed by previous laparoscopy, etc; 2) patients undergoing surgery beyond 24 hours after ultrasound examination.
All participants underwent ultrasound examination within 24 hours of operation by the authors who had no any clinical information of the patients. All examinations were performed either transabdominal or transvaginal approach or both, using real-time 5-7.5 MHz transvaginal or 3.5-5 MHz transabdominal curvilinear transducer connected to and Aloka model SSD alpha-10 (Tokyo, Japan). During the examination, assessments of sonographic morphology of the masses together with color Doppler study were performed to characterize the masses and prospectively recorded in the report forms. The characteristics of the masses were subsequently analyzed according to the IOTA simple rules (Timmerman et al., 2008) to determine whether there were malignant (M) features or benign (B) features, as presented in Table 1 and Figure 1 -2. If one or more M-rules apply in the absence of a B-rule, the mass is classified as malignant. If one or more B-rules apply in the absence of an M-rule, the mass is classified as benign. If both M-rules and B-rules apply, the mass cannot be classified or inconclusive. Likewise, if no rule applies, the mass cannot be classified or inconclusivie.
The final diagnosis as a gold standard was based on pathological examinations or intraoperative diagnosis concluded by the surgeons in case of some benign conditions without pathological specimens. All of adnexal masses were finally categorized into 2 groups as benign and malignant group. The masses with pathological diagnosis of borderline or low malignant potential tumors were categorized in the malignant group. The sensitivity, specificity and predictive values of the IOTA simple rules in predicting malignancy were calculated, using IBM SPSS version 21.0 (IBM SPSS Statistics for Windows, Released 2012. Armonk, NY: IBM Corp).
Results
During the study period, 419 adnexal masses initially diagnosed as ovarian tumors were included in the study and underwent preoperative ultrasound examinations. Twenty-one masses were excluded because of pathological diagnoses of non-gynecologic conditions and surgery beyond 24 hours after ultrasound examination. The remaining 398 adnexal masses, in 376 women, were available for analysis. All were successfully performed either with transabdominal or transvaginal ultrasound. The mean (±SD) age of the women was 42.4±16.2 years (range 13-82 years). One hundred and thirty-nine (37.0%) were nulliparous. Most women (255 women, 67.8%) were in reproductive age, 121 (32.2%) were menopausal and 4 of them were in pre-menarche period. Of 398 masses, the IOTA simple rules could be applied in 319 (80.1%) masses. A total of 79 (19.9%) masses were inconclusive, including 55 benign masses and 24 malignant ones (p>0.05). Final diagnoses of all adxexal masses are summarized and presented in Table 2 , including 212 (66.5%) benign tumors, 12 (3.8%) borderline tumors and 95 (29.8%) ovarian cancers. Therefore, the malignant group consisted of 107 (33.6%) masses and benign group had 212 masses. In the 319 masses for which the IOTA DOI:http://dx.doi.org/10.7314/APJCP.2014.15.13.5123 IOTA Simple Rules in Differentiating Benign and Malignant Ovarian Tumors simple rules could be applied, sensitivity was 82.9% (95% CI, 75.0%-89.5%), specificity 95.3% (95% CI, 92.4%-98.1%), positive likelihood ratio 17.2 (95% CI, 9.5-32.1) and negative likelihood ratio 0.19 (95% CI, 0.12-0.28) ( Table 3 ).
In the 79 cases in which the simple rules yielded inconclusive results, 50 (63.3%) masses did not exhibit B-rule or M-rule e.g. cases of some regular solid tumors with scanty color flow mapping or smooth multilocular tumors>10 cm with scanty color flow mapping and 29 (36.7%) masses exhibited at least one B-feature and one M-feature, e.g. irregular solid tumors with poor vascularization acoustic shadowing or unilocular cysts with more than four papillary projections and no flow.
Discussion
This study performed external validation of the IOTA simple rules in differentiating between benign and malignant adnexal masses. Our results show that application of the rules yielded high diagnostic performance but approximately 20% of the tests were inconclusive.
Differentiation of benign from malignant tumors can be achieved by several techniques such as clinical assessment, serum CA 125 (Erdogan et al., 2005; Mousavi et al., 2006) , sonographic morphology (Sassone et al., 1991; Timmerman et al., 1999) , or spectral Doppler evaluation (Kurjak et al., 1993; Tongsong et al., 2009 ). However, most proposed sonographic assessments need high expertise, limiting them from widely use in clinical practice. Therefore, Timmerman et al. (2010a) , the IOTA group, developed the ultrasound simple rules and validated for diagnostic performance. The simple rules seem to be more attractive and practical because they are uncomplicated and user-friendly in categorizing an adnexal mass as benign or malignant. Nevertheless, only few studies from other groups in the world have been conducted to test the accuracy and reproducibility of the simple rules. Fathallah et al. (2011) performed a prospective study using the IOTA simple rules in a series of 122 masses. The malignancy rate was 11.5% (14 malignancies). The IOTA simple rules were applicable in 89.3% of masses. The sensitivity of the rules was 73% (95% CI: 45-100%) and the specificity was 97% (95% CI: 94-100%). Sensitivity was relatively low, when compared to our results whereas the applicable rate was very high.
The difference may partly be due to the low malignancy rate (only 14 cases) in the study reported by Fathallah et al. (2011) . More recently, Hartman et al. (2012) reported a prospective study in a series of 103 women and 110 adnexal tumors. They demonstrated that the majority of tumors were correctly classified using the IOTAsimple rules. CA 125 alone performed worse than did ultrasound in discriminating malignant from benign adnexal tumors. Recently, Kaijser et al. (2013) demonstrated that an ultrasound based prediction model (developed by IOTA) shows a better diagnostic performance than ROMA for the characterization of a pelvic mass in both pre-and postmenopausal women.
The weakness of this study may include the followings: 1) The authors had some experience on gynecologic ultrasound. Thus, sonographic evaluation of the tumor was not a blind method. As a consequence, the some characteristic features of the mass could have been anticipated, such as tip of the ice berg sign relatively specific for dermoid cyst or ground-glass appearance for endometriotic cysts, etc. However, the assessment of adnexal masses using IOTA simple rules was objective, therefore such a bias should be only minimal; 2) A potential weakness of this study was that only adnexal masses undergoing operation were included. This is indispensable, as pathological examinations or operative findings as a gold standard was required in a study determining diagnostic performance with regard to malignancy. However, this bias may be unlikely to affect the conclusion, since masses not requiring surgery are likely to be less complex and easier to categorize.
Our results as external validation suggest that the IOTA simple rules are robust. Together with its simplicity, thus this study indicates that the rule is likely to make generalizable, and we believe that it should be possible for any qualified ultrasound practitioner to obtain information on the ultrasound variables required for the rules.
One limitation of this technique should be mentioned is that the test had a significant number of inconclusive results, approximately 20%, which need further evaluation by the sonographic experts.
In conclusion, the IOTA simple rules have high diagnostic performance in differentiating between benign and malignant adnexal masses. Application of the IOTA simple rules yielded acceptable results in terms of sensitivity and specificity. However, the inconclusive result is relatively high and this group must be referred to expert sonographers. 
